INTRODUCTION
The large amount of waste water (1-2 million cubic meters per season) gener ated during the production of olive oil is a major environmental problem in Spain. This waste water is mainly composed of particulate matter from olive pulp, sugars, pectins, tannins, mucilages, organic acids and polyphenols (ref.
1). Because of the extremely high BOD these waste water pollute the surface water seriously when spilled. Over the last five years, ponds and lagoons have been built for disposal of the waste water from which the water evaporates dur ing the dry spring-summer period. The residual sludges are recovered in fall, before a new olive processing season starts. Some farmer used to irrigate olive tree orchards with this type of waste water to fertilize the soil. Therefore, it is of interest to study in detail the chemical composition of the sludge to evaluate its potential value as soil fertilizer. This preliminary study was focussed on the chemical characterization of the base-extractable and acid-precipitable humic acid fraction, because it is well-known that, at least in soils, humic acids are the most important substances related to fertility properties.
METHODS
The sludge sample was obtained from a lagoon located in Villanueva del Trab^j co (province of Malaga, Spain). The humic acid fraction was prepared in the usual way by solution in 0.5 ^ NaOH and subsequent precipitation with HC1 (ref.
2). To investigate the possible changes in the humic acid fraction during the period of disposal as a consequence of microbial fermentations and transforma tions, a "fresh" waste water sample was also investigated. This sample was obtained from an experimental olive mill (Instituto de la Grasa, C.S.I.C, Sevi11a). The waste water sample was taken immediately after formation and stored at -15°C until analysis. The humic acid fraction was obtained after centrifugation at 15.000 g, addition of 0.5 N^ NaOH to the solution and precipitation with HC1. The results of the sludge and the waste water humic acids can be compared since the olive oil production processes at both locations are very similar.
Elemental composition, sugar and amino acid analyses and pyrolysis technique have been described in detail elsewhere (ref. 2, 3) .
RESULTS AND DISCUSSION
The sludge contained. 40 % of humic acid and 28 % of acid soluble materials on a dry weight basis. Table 1 shows the elemental composition of the sludge (S-HA) and the waste water (W-HA) humic acids, before and after 6 ft HC1 hydrolysis. The amino acid distribution analysed after 6 tt HC1 hydrolysis was similar to that reported for pulp olives as far as the most abundant components are con cerned (ref. 2). The W-HA fraction yielded about twice as much amino acids com pared to S-HA fraction. The compositions of W-HA and S-HA were somewhat different: proline was relatively more abundant in W-HA and phenylalanine and arginine were relatively increased in S-HA.
Apart from the amino acids, three phenols were released after 6 N^ HC1 hydro lysis. They were identified by HPLC and TLC as protocatechuic acid, caffeic acid and £-coumaric acid, protocatechuic acid being the most abundant. These compounds have previously been found as free phenols in the waste water (ref.l).
Curie point evaporation/pyrolysis-gas chromatography-mass spectrometric analysis of the humic acid fractions was applied to characterize other compo nents than proteins and sugars. A complex mixture of evaporated components and pyrolysis products from high molecular weight substances resulted. The identify cations of the major products are listed in Table 4 . The peak numbers in Figure  1 correspond to the numbers indicated in Table 4 . The chromatograms of both humic acids were relatively similar, although dis tinct qualitative and quantitative differences were observed. The major com pounds were free and esterified £-C,g and n-C, s fatty acids. It can be assumed that these acids are present as such in the samples and just evaporate since they are the major lipids present in olive oil. These fatty acids and their esters probably adsorb to particulate matter due to incomplete removal of the oil during the production process. The occurrence of fatty acid methyl esters is in agreement with the findings of such esters in the oil extracted from microbial degraded olives (ref. 6 ) and indicates a biological activity of microorganisms during the olive storage and/or disposal in the'lagoon. The presence of ethyl-, propyl-, and butyl-C,n esters is noteworthy since these esters have not yet been reported in microbially altered olives. Interestingly, C.g-fatty acids were only present in the W-HA sample, which means that these acids are removed after disposal in the lagoon, either bio logically or photochemically, since an oily layer was present at the water-air interface. All three types of lignin unit pyrolysis products were present and they were relatively more abundant in the S-HA sample. This suggests that lignin, which is reported to be resistant to biodegradation in anaerobic environments (ref. In spite of these differences the sludge can be considered as a good fertilizer on a chemical basis. Proteins and sugars are still present in the sludge and the C, 6 and C 18 fatty acids are high quality substrates for micro organisms and plants. On the other hand, the high concentrations of the fatty acids might cause some problems since they give the sludge a hydrophobic nature.
Two additional aspects are important in the utilization of the sludge. From an environmental point of view, the disposal of waste water in isolated lagoons protects the surface waters againts pollution. The second aspect is of economi cal nature. The evaporation of water results in a more concentrated product . which has not lost much of its nutrient value and it can be distributed much cheaper. It is further demonstrated that the olive processing industry is losing relatively high amounts of valuable oil. A more efficient removal of Cj g and C,g fatty acids before waste water disposal would improve both the economy of the olive oil industry and the physico-chemical properties of the soil to which the sludge has been added.
Long-term experiments are required to further test the sludge as a soil fertilizer.
